The essential oils extracted from Lippia rugosa and Plectranthus glandulosus leaves from Cameroon were analysed by GC-MS and evaluated for their antifungal activities against Aspergillus flavus, Aspergillus niger and Fusarium moniliforme common fungi causing spoilage of stored food product, and antiradical activities. The disc diffusion method was used to evaluate the fungal growth inhibition at various concentrations of oils while the antiradical activity was studied by the DPPH (diphenyl picryl hydrazyl) method. The main components found in P. glandulosus leaves oil were terpinolene (30.8%), fenchone (13.2%), terpene 4-ol (11%) and piperitenone oxyde (8%) whereas L. rugosa leaves oil is mainly constituted of thymol (26.7%), p-cymene (15.5%), thymol acetate (13.2%) and γ-terpinene (9.4%). L. rugosa exhibited the lowest MIC value in liquid medium ranged from 0.2 to 0.3 mg/ml against all fungal strain, and P. glandulosus which was less active with value ranged from 0.8 to 1mg/ml against all fungal strain. The antiradical activity of L. rugosa essential oil (SC 50 = 6.7 g/l) was less than that of butylated hydroxyl toluene (BHT) which was used as the reference compound (SC 50 = 0.007 g/l). Results obtained in the present study indicate the possibility of exploiting these essential oils in the fight against strains of A. flavus, A. niger and Fusarium moniliforme responsible for biodeterioration of stored food products.
INTRODUCTION
The invasion of various food commodities by fungi causes considerable losses in tropical and subtropical countries. Fusarium and Aspergillus species are common maize pathogens. Among them, Fusarium moniliforme Sheldon, Aspergillus flavus Link and Aspergillus niger have high specialisation on crops, causing sometime stem and ear rot (McGee, 1988) . They are worldwide distributed, mainly in tropical and subtropical areas and have a high survival and a great toxicity (Bacon and Nelson, 1994; Gourama. and Bullerman, 1995) . Fungal infections can discolour grain, change its chemical and nutritional characteristics, reduce germination and, most importantly, contaminate it with mycotoxins, such as aflatoxins, and fumonisins which are highly toxic to man and animals (Bennett and Klich, 2003) . Conversely, free radical oxidation of the lipid components in food due to chain reactions is a major strategic problem for food manufacturers. Free radicals can initiate the destruction of organic molecules of biological importance and are regarded as the cause of various diseases and probably ageing (Halliwell and Gutteridge, 1989) . Due to the health-hazardous effects of free radicals in human beings, it is essential to decrease the degree of lipid peroxidation in foods.
To manage post harvest losses and diseases caused by free radicals, producers usually rely on a release of chemical fungicides (group of benzimidazoles, aromatic hydrocarbons) and synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). However these chemicals have restricted use in foods as they are suspected to be carcinogenic (Madavi and Salunkhe, 1995) .
Public awareness of these risks has gone a long way to increase people's interest in the quest for safer fungicides and antiradicals to replace synthetic chemical fungicides. One of such alternatives is the use of natural plant preservatives such as essential oils, to prevent the proliferation of fungi or protect food from oxidation. Lippia rugosa and Plectranthus glandulosus are a potential source of essential oils in Cameroon and other tropical areas (Ngassoum et al., 2001; Ngassoum et al., 2005; Tatsadjieu et al., 2008) . L. rugosa is a robust woody perennial plant of the Verbenacea family up to 12 feet high with large oblong-lanceolate bluish-green leaves, pleasant aromatic flowers (Oliver -Bever, 1982) . P. glandulosus (Lamiacea) is plant whose leaves are commonly used to protect stored grains, as mosquito repellent and anthelminthic in Cameroon (Nukenine et al., 2003) . In the Adamaoua province, the plant is used in folk medicine for treatment of colds and sore throat (Ngassoum et al., 2001) . This paper describes the chromatographic examination of the volatile oils extracted from these plant materials as well as bioassays for evaluating their antifungal activities against Aspergillus flavus, Aspergillus niger and Fusarium moniliforme, and antiradical activities.
MATERIAL AND METHODS

Organisms:
The strains of Aspergillus flavus, Aspergillus niger, and Fusarium moniliforme, isolated from maize collected in 2008 at Ngaoundéré (Cameroon) according to the method used by Foko and Sougnabé (1991) , maintained in the culture collection of Microbiology Laboratory of the National School of Agro-Industrial Sciences (The University of Ngaoundéré, Cameroon) were used as test microorganisms. They were grown on Sabouraud dextrose agar (Difco, Detroit, MI) plate at 25°C for 5 days. Ten millilitres of 1% Tween 20 were added for spores' collection. The spore suspensions were further adjusted with sterile 1% Tween to give a final concentration of 10 6 spores/ml. Spore concentration was determined with a haemocytometer. The suspensions were stored at 4°C until used.
Plant material and extraction procedure:
The essential oils tested were extracted by water steam distillation using a Clevenger apparatus from the leaves of L. rugosa and P. glandulosus. Fresh leaves of L. rugosa were collected in March 2008 at MBE (dry season) and leaves of P. glandulosus were collected in July 2008 at Ngaoundéré located in the Vina Division of the Adamawa region of Cameroon. The distilled essential oils were dried over anhydrous sodium sulphate and stored in a refrigerator at 4°C.
Chemical analysis:
The essential oil obtained was analysed by gas chromatography (GC) and gas chromatography coupled with mass spectrometry (GC/MS).
Gas chromatography:
The oil was analysed on a Varian CP-3380 GC with flame ionization detector fitted with a fused silica capillary column (30 m x 0.25 mm coated with DB5, film thickness 0.25 μm); temperature program 50-200°C at 5°C/min, injector temperature 200°C, detector temperature 200°C, carrier gas N 2 , 1 ml/min. The linear retention indices of the components were determined relative to the retention times of a series of n-alkanes and the percentage compositions were obtained from electronic integration measurements without taking into account relative response factors.
GC/MS analyses were performed using a HewlettPackard apparatus equipped with an HP1 fused silica column (30 m x 0.25 mm, film thickness 0.25 μm) and interfaced with a quadrupole detector (GCquadrupole MS system, model 5970). The column temperature was programmed from 70 -200°C at 10°C/min; injector temperature was 200°C. Helium was used as the carrier gas at a flow rate of 0.6 ml/min; the mass spectrometer was operated at 70 eV.
Identification of components:
The identification of the constituents was assigned on the basis of comparison of their retention indices and their mass spectra with those given in the literature (Adams, 2007) .
Minimum
Inhibitory Concentration (MIC): Antifungal assay was performed using the agar disc diffusion method (De Billerbeck et al., 2001) . Potato dextrose agar (PDA) medium with different concentrations of essential oils (0.1, 0.2, 0.3, 0.4, 0.5, 0.8, 1 and 2 mg/ml) were prepared by adding the appropriate quantity of essential oil/compound to the melted medium, followed by manual rotation of the Erlenmeyer flask to disperse the oil in the medium. About 20 ml of the medium was poured into glass Petri-dishes (9 cm × 1.5 cm). Each Petri-dish was inoculated at the centre with a mycelia disc (6 mm diameter) taken at the periphery of a fungal strain colony grown on PDA for 48 h. Control plates (without essential oil) were inoculated following the same procedure. Plates were incubated at 30°C and the colony diameter was recorded each day. Minimal inhibitory concentration (MIC) was defined as the lowest concentration of essential oil in which no growth occurred. For each concentration, three tests were carried out.
Evaluation of antiradical activity:
The antiradical activity was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) Brand-Williams et al, (1995) , free stable radical scavenger, which was dissolved in ethanol to give a 100 μM solution. To 2 ml of the ethanolic solution of DPPH was added 100 μl of a methanolic solution of an antioxidant reference (BHT) at different concentrations. The oil was tested using the same method. The control without antioxidant is represented by the DPPH ethanolic solution containing 100 μl of methanol. The decrease in absorption was measured at 517 nm after 1 hour at room temperature. The actual decrease in absorption induced by the test compound was calculated by subtracting that of the control. The concentration required for 50% reduction (RSC 50 ) was determined graphically.
All the spectrophotometric measurements were performed with a SAFAS UVmc 2 spectrophotometer, equipped with a multicell/multikinetics measuring system and with a thermostated cell-case.
Statistical analysis:
Data from three independent replicate trials were subjected to statistical analysis using Statistica .06, Statistical package (Statsoft, 1995) . Differences between means were tested using Duncan Multiple Range Test.
RESULTS AND DISCUSSION
Chemical constituents of the essential oils:
Essential oils were obtained by steam distillation for 5 hours with a yield of 1.8% (w/w) and 0.40% (w/w) respectively for L. rugosa and P. glandulosus. The volatile constituents of the different oils were identified by their retention index and mass spectrum in comparison with those of standard synthetic compounds. The results of the chemical analysis are presented in Table 1 . These results revealed that the oil from L. rugosa is mainly constituted of monoterpenoids with the most important constituents identified as thymol (26.7%), p-cymene (15.5%), thymol acetate (13.2%) and γ-terpinene (9.4%) whereas P. glandulosus oil is mainly constituted of terpinolene (30.8%), fenchone (13.2%), terpene 4-ol (11%) and piperitenone oxyde (8%). The profile obtained from our GC and GC-MS analysis of L. rugosa essential oil was quantitatively different from that reported by Ngassoum et al, (2005) and Tatsadjieu et al, (2008) who found that L. rugosa leaves collected from Ngaoundere was mainly constituted of geraniol (51.6%), nerol (18.2%), geranial (10.8%) and Linalool (4.6%). That difference in the chemical composition confirmed the fact that the chemical compounds of any plant essential oil can vary greatly with geographical region, the age of the plant, local climatic, seasonal and experimental conditions (Regnault-Roger and Hamaraou 1995; Daferara et al., 2000) .
Minimal Inhibitory Concentration (MIC):
There are significant differences in the mycelia growth of oilsupplemented samples compared with the control (ANOVA and Duncan Multiple Range Test, P < 0.05). L. rugosa essential oil exhibited the lowest MIC values with 0.2 mg/ml against F. moniliforme and 0.3 mg/ml against A. flavus, A. niger; (table 2). Essential oil from P. glandulosus was less active with 0.8 mg/ml against F. moniliforme; 1 mg/ml against A. flavus and A. niger. Growth inhibition was significantly (P<0.05) influenced by the incubation time and essential oil concentration. Mycelia growth was considerably reduced with increasing concentration of essential oil while their growth increased with incubation time.
The results obtained show that L. rugosa essential oil was more active in inhibiting mycelia growth of these fungi than P. glandulosus. The difference observed in activity between these essential oils can be explained by their chemical composition difference. Reports have indicated that biological activity of essential oil is depended on his chemical composition (Mirsha and Dubey 1994; Amvam et al., 1998; Tagne et al., 2000) . The antifungal activity of essential oil is related mainly to its proportion in oxygenated monoterpens (OMT). The antimicrobial activity has also been attributed to the presence of some active constituents in the essential oil such as geraniol, citral, thymol, eugenol and citronellol. Our GC-SM analysis revealed 50.5% and 47.9% of oxygenated monoterpens respectively in L. rugosa and P. glandulosus essential oils. Geraniol was found to be effective in suppressing A. flavus growth at 500 mg/l (Mahmoud, 1999) . Authors reported that citral, geraniol and citronellol showed antifungal activities among terpenoids (Viollon and Chaumont 1994) . Earlier study found eugenol to be the active compound responsible for fungal inhibition produced by clove essential oil (Bullerman et al., 1977) but the authors raised the possibility that interactive effects of other compounds present in smaller quantities may also contribute. Although in minor percentages, these compounds together with the main compounds identified can be considered as the antifungal constituents of these essential oils. (Conforti et al., 2006) . This lower RSC of L. rugosa essential oil could be explained by the absence of compounds able to form stable free radical after losing protons. 
